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Cartilaginous Metaplasia in the
Sclera of Suffolk Sheep

J. D. Smith1, A. N. Hamir1,2, and J. J. Greenlee1

Abstract
Scleral cartilaginous metaplasia was detected by routine histologic examination of globes from 5 Suffolk sheep from a scrapie
pathogenesis study. The extent of the metaplasia varied among the sheep but was always posterior to the tapetal fundus. The
matrix surrounding chondrocytes stained intensely with alcian blue and was immunopositive for type II collagen.
Retrospective evaluation of additional eyes from Suffolk and Cheviot sheep used in various scrapie pathogenesis studies at the
authors’ facility revealed similar histologic changes in 40% and 12.7% of eyes examined, respectively. The clinical significance of
this previously unreported finding is unknown.
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The sclera constitutes the largest portion of the fibrous tunic of

the eye and consists of a dense network of collagen fibrils,

predominantly of collagen types I and III.6 The inner portion

of the sclera, or lamina fusca, also contains elastin fibers and

scattered melanocytes. The sclera of many vertebrate species,

such as birds, reptiles, and fish, normally contains cartilage

and/or scleral ossicles. Osseous and, less often, cartilaginous

metaplasia has been described in rodent sclera,7 but the pres-

ence of scleral cartilage or cartilaginous metaplasia has not

been reported in nonlaboratory domestic animal species.

Animals and Methods

Eyes were examined from 5 Suffolk sheep, aged 22 to

28 months, that had been part of a scrapie pathogenesis study.2

All animals had been orally inoculated with scrapie as neonates

and euthanized by barbiturate overdose when they showed

advanced clinical signs of scrapie. Eyes from an additional

3 Suffolk ewes (> 24 months of age) from the National Animal

Disease Center (NADC) scrapie-free flock were also exam-

ined. One globe with a segment of optic nerve of approximately

1 to 2 cm was extracted from each sheep at necropsy and

immersed in 10% neutral buffered formalin. The contralateral

globe was frozen for later molecular-based assays. Tissues

were allowed to fix for at least 1 week, at which time a 5-

mm-thick vertical section from the caudal aspect of the globe,

containing retina and optic nerve, was embedded in paraffin,

sectioned at 4 mm, and stained with hematoxylin and eosin

(HE). For histologic examination of the contralateral eye, the

globe was thawed slightly, and a similar section was trimmed,

immersed in 10% neutral buffered formalin for 24 hours, and

processed and stained with HE. Additional sections were

stained with alcian blue at pH 1.0. Briefly, sections were

stained with a 1% alcian blue solution in 0.1 N hydrochloric

acid (HCl) for 30 minutes at room temperature, rinsed in

0.1 N HCl, blotted dry, and counterstained with nuclear fast

red. Immunohistochemistry was performed with a monoclonal

antibody against type II collagen (Millipore, Billerica, MA) at a

dilution of 1:100. Briefly, sections were deparaffinized, incu-

bated in a 0.5% pepsin solution in 5 mM HCl for 20 minutes

at 37�C, incubated in 3% hydrogen peroxide, blocked in a

1.5% goat serum solution, and incubated in primary antibody

for 2 hours at room temperature. Sections were then washed

and primary antibody labeling was detected with DakoCytoma-

tion’s LSAB2-HRP kit and 3,30-diaminobenzidine. Sections

were lightly counterstained with hematoxylin. This study was

carried out in accordance with guidelines established by the

NADC Animal Care and Use Committee.

Histologic Findings

Histologically, the sclera of all 5 scrapie-inoculated sheep con-

tained putative chondrocytes in chondroid matrix. In sheep No.
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1, rare round to ovoid cells had a moderate amount of

basophilic to amphophilic cytoplasm and were surrounded by

variably thick, homogeneous basophilic matrix (Fig. 1). The

sclera of sheep No. 2 also had scattered individual cells, but

these cells were mostly aggregated in amphophilic to basophi-

lic matrix. In sheep Nos. 3 and 4, locally extensive islands of

scleral cartilaginous metaplasia could be appreciated at low

magnification. In a few areas, the chondroid cells appeared to

be in lacunae. The sclera of sheep No. 5 was most notably

affected, with multifocal to coalescing islands of cartilaginous

metaplasia up to 1� 5 mm (Figs. 2, 3). The extracellular matrix

surrounding these cells was intensely alcianophilic (Fig. 4),

indicating the presence of sulfated acid mucopolysaccharides.

Immunohistochemically, this matrix was positive for type II

collagen, the predominant collagen type in hyaline cartilage but

not in sclera (Fig. 5). Despite artifacts related to freezing,

similar histologic findings were identified in the corresponding

regions of the contralateral eyes. This alcianophilic matrix was

conspicuous in 4 of 5 contralateral eyes. The eye without alcia-

nophilic matrix was from the sheep with the least discernable

changes on examination of HE-stained sections (No. 1). Simi-

lar scleral changes were observed in only 1 of 3 scrapie-free

sheep, in which rare, mostly individual, cells in lacunae were

surrounded by matrix that was positive by alcian blue staining

and type II collagen immunohistochemistry.

In all sheep, lesions were limited to the inner half of

the sclera and were observed only posterior to the tapetal fun-

dus. Evidence of underlying disease associated with these

areas of cartilaginous metaplasia or other portions of sclera

was not detected.

Figure 1. Sclera; sheep No. 1. Rare, individual, chondrocyte-like cells (arrow) surrounded by a thin basophilic matrix are scattered among
collagen fibers. HE. Figure 2. Sclera; sheep No. 5. Coalescing foci of cartilaginous metaplasia are easily discernable at low magnification. At
lower left are the tapetum lucidum (*), with artifactual retinal detachment, and the choroid (Ch). See Figure 3 for box. HE. Figure 3. Sclera;
sheep No. 5. In a higher magnification of the box in Figure 2, chondrocytes, many within lacunae, are associated with basophilic matrix. HE.
Figure 4. Sclera; sheep No. 5. Chondrocytes are surrounded by ample alcian blue–positive matrix. Alcian blue, pH 1.0, and nuclear fast red.
Figure 5. Sclera; sheep No. 5. The cartilaginous matrix, but not adjacent fibrous tissue, is immunoreactive for type II collagen. Inset: Similar
section with omission of the primary antibody. Labeled streptavidin–biotin method with diaminobenzidine chromogen.
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Discussion

Except in monotremes, mammalian sclera normally lacks

cartilage, and reports of nonneoplastic disease with cartilage

formation in the sclera are uncommon. Proteoglycan deposition

was reported in the sclera of horses with degenerative suspen-

sory ligament desmitis,1 but cartilaginous metaplasia was not

described. Osseous metaplasia is a fairly common aging change

in the sclera of the Fischer 344 rat; cartilaginous metaplasia is

observed infrequently.7 In one study, metaplastic bone was

detected in the sclera of the superior hemisphere in more than

95% of Fischer 344 rats.4 Similarly, in all sheep in this study,

cartilaginous metaplasia was observed only posterior to the

tapetal fundus. Scrapie-infected sheep had typical neuropatho-

logic changes of spongiform encephalopathy, but no evidence

of scleral trauma, inflammation, or other abnormalities was

observed histologically in the sheep.

Human sclera and cartilage have similar gene expression

profiles, and chondrogenesis has been demonstrated in vitro

in human scleral cells.5 Our observations suggest that sheep

sclera may have characteristics in common with cartilage and

that scleral cells may possess chondrogenic potential.

The clinical significance of scleral cartilaginous metaplasia

is unknown. There were no overt signs of impaired vision in

any of these sheep, although subtle or subclinical visual deficits

may have been present. Conditions that alter the scleral matrix

in such a way that the sclera is thinned or weakened could

affect vision, as in some human cases of myopia.3

The unlikely possibility that scrapie caused the cartilaginous

metaplasia was initially considered but later thought unlikely,

given the observation of similar changes in the sclera of a

scrapie-free sheep and the absence of this lesion in numerous

cases of natural and experimental scrapie. A genetic cause is

possible because these lambs and their dams were all obtained

from the NADC’s scrapie-free flock. Somewhat surprising,

retrospective evaluation of eyes from 70 Suffolk sheep in var-

ious scrapie pathogenesis studies at our facility revealed a

prevalence rate of 40%. Similar examination of eyes from

55 Cheviot sheep revealed a prevalence of 12.7%. These find-

ings suggest that scleral cartilaginous metaplasia may not be

rare in sheep nor restricted to the Suffolk breed. The increased

prevalence in the Suffolk sheep that we examined may indi-

cate a true breed predilection or merely reflect the inbreeding

of this flock.

In summary, cartilaginous metaplasia was detected in the

sclera of sheep of two breeds, both with and without scrapie

infection. The role of scrapie in development of this lesion

could not be determined, because most specimens were from

scrapie-infected sheep and no negative control eyes were

available from those studies for comparison. Likewise, connec-

tive tissues other than sclera were unavailable for examination.

Visual deficits were not detected in affected sheep, so the

significance of this lesion is unknown.

Acknowledgements

We thank Virginia Montgomery, Martha Church, Judith Stasko, and

James Fosse for excellent technical assistance. Mention of trade

names or commercial products in this report is solely for the purpose

of providing specific information and does not imply recommendation

or endorsement by the U.S. Department of Agriculture.

Declaration of Conflicting Interests

The authors declared no conflicts of interest with respect to the

authorship and/or publication of this article.

Financial Disclosure/Funding

The authors received no financial support for the research and/or

authorship of this article.

References

1. Halper J, Kim B, Khan A, Yoon JH, Mueller PO: Degenerative sus-

pensory ligament desmitis as a systemic disorder characterized by

proteoglycan accumulation. BMC Vet Res 2:12, 2006.

2. Hamir AN, Kunkle RA, Greenlee JJ, Richt JA: Experimental oral

transmission of United States origin scrapie to neonatal sheep. J

Vet Diagn Invest 21:64–68, 2009.

3. McBrien NA, Gentle A: Role of the sclera in the development and

pathological complications of myopia. Prog Retin Eye Res

22:307–338, 2003.

4. O’Steen WK, Brodish A: Scleral calcification and photoreceptor

cell death during aging and exposure to chronic stress. Am J Anat

189:62–68, 1990.

5. Seko Y, Azuma N, Takahashi Y, Makino H, Morito T, Muneta T,

Matsumoto K, Saito H, Sekiya I, Umezawa A: Human sclera main-

tains common characteristics with cartilage throughout evolution.

PLoS One 3:e3709, 2008.

6. Watson PG, Young RD: Scleral structure, organisation and disease:

a review. Exp Eye Res 78:609–623, 2004.

7. Yoshitomi M, Boorman G: Eye and associated glands. In: Pathol-

ogy of the Fischer Rat, ed. Boorman G, pp. 239–259. Academic

Press Inc, San Diego, CA, 1990.

Smith et al 829

 at IOWA STATE UNIV on July 14, 2011vet.sagepub.comDownloaded from 

http://vet.sagepub.com/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


